Abstract-
I. INTRODUCTION
Photonic crystal (PhC) embedded waveguide is the future solution for compacting device in replacing electrical interconnect in electronic microprocessors due to the Moore's limitation [1] [2] [3] . Not only for replacing the electrical interconnect, the application of PhC has been researched for various range application such as photodetectors and biosensors [4] [5] [6] . With the advancement of the fabrication technique, a device at a nanometer scale can be fabricated without jeopardizing the performance of the device [7, 8] . A 1-dimensional (1D) PhC silicon waveguide is preferable due to the simplicity and good confinement of light that gives high selectivity in the designed waveguide [9, 10] . PhC is a medium with different refractive index to be arranged in a manner where the index differences are violated for wavelength transmission dictation. Silicon based waveguide offers a clear window at near-infrared region that makes it suitable for telecommunication [11] . The size of the waveguide is optimized to 2 (width): 1 (height) on siliconon-insulator (SOI) platform depending on the polarization of light to be guided for the optimum light confinement [12] .
In wavelength division multiplexing (WDM), the conventional band (c-band) and other wavelength bands are utilized to deliver information. The international telecommunication unit (ITU-T) has rule out a grid for WDM for the industrial standardization where the range of wavelength for c-band falls from approximately 1.53 to 1.56 μm [13] . In order to protect the specific band, a compact band-pass filter is required. The device was modeled with a dimension of 600 nm width x 260 nm height on an SOI platform. The structure was modelled by using MODE solution from Lumerical as shown in Fig.1 and the light confinement was observed.
II. DEVICE SIMULATION MODEL
The waveguide was embedded with a PhC structure that consists of mirrors and cavities. As shown in Fig. 2 , a row of holes with a radius r, 115 nm and a lattice constant a, 370 nm (for periodicity arrangement) were designed to give a sufficient photonic band-gap (PBG) to block the wavelength [4] .
The PhC was then arranged with 4 mirrors and 3 cavities as shown in Fig. 3 to give the desired band-pass filter spectrum. The cavity c, 315 nm was introduced in between the 4 mirrors. 3D-FDTD solution from Lumerical was used for the simulation. The simulation time was set according to the device dimension and the refractive index to ensure that the simulation will stop after all the light has go through the distance set before leaving the simulation area.
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where , and are the simulation time, velocity of light and material refractive index respectively where the refractive index of silicon at 3.48 was used in the simulation. The mesh of the area to be simulated was configured to be as automatic non-uniform mesh due to the different sizes and patterns involved in the structure. The minimum size of the mesh setting was set to be 0.25 nm for simulation accuracy purposes. The boundary condition for the simulation region was configured to be as perfectly matched layer (PML) to avoid any light reflected disturbing the results obtained. The introduction of a single cavity results in a single wavelength excitation as shown in Fig. 6 . The excitation wavelength was determined by the cavity distance [4] . By adding more cavities in the PhC periodic structure (in a symmetry manner in conjunction with the mirrors), the excitation wavelengths was excited additively as shown in Fig. 7 . By controlling the number of holes in the mirrors, the multiple resonant wavelengths will merge and a single wavelength excitation with broader wavelength complies with ITU-T standard in c-band was produced as observed in Fig. 8 . The spectrum observed complimented the erbium doped fiber amplifier (EDFA) output response to obtain flatness in WDM system. A smooth light transmission was obtained and the flatness of the spectrum was observed when the radii of the 2 holes in the 2 middle mirrors each were reduced from 115 nm to 110 nm as shown in Fig. 9 . The PhC hole shape was replaced with a square shape instead of circular. With a similar properties; cavity distance, width and length of the square dimension complying with the diameter of circular structure and periodicity, the results obtained was as shown in Fig. 10 . The results obtained shows that the square shape of PhC will reduce the transmission of light in the waveguide. This was due to the sharp edges of the square holes PhC that introduces an abrupt changes in the flow of light in the structure. The abrupt change in the structure will influence the transmission of light due to the some portion of light traveled in the waveguide will get reflected and scattered. 
IV. CONCLUSION
The PhC waveguide simulated has shown a good response in conjunction with a compact nanowire c-band guard in WDM channel to be fabricated. It was shown that by manipulating the structure of the PhC; the wavelength selection can be easily selected for it to be blocked or to be pass-through. From the results shown, the mirror radius size, then number of holes, the shape of holes and the cavity distances play a major role in the bandwidth and wavelength selection. The number of cavity in the periodic structure also will gives a good control on the number of excitation wavelengths in the device. The circular shape PhC gives a very good and ease of wavelength control in comparison with the square shape structure and in term of fabrication, due to the etching technology, a sharp edge in nanostructure for PhC is very difficult to be realized that gives the circular PhC structure the best option for fabrication. It is good to note that in order to simulate a device with a simulation tool such as FDTD, a good meshing selection is necessary in order to obtain good results without stressing the computer power and memory. With a bandwidth of 30 nm, higher output transmission and more compact design as compared to the components available in the market [14] , this will open up a new path for future compact photonics devices.
